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化させた 5種類の飼料(CP33"-'刃先)で、約 4gのヒラメ稚魚を 6週間飼育した。
















ので、次に CP含量を 55、60および 65%とさらに高め、 DE/DCPを75"'95とし
た飼料で同様の飼育実験を行った。その結果、 CP65%でDE/DCPが78の飼料区




























魚粉およびM¥Iをそれぞれ 50%および 33覧配合した CPが 60%で DE/DCPが 77の









Development of Formulated Feeds for Juvenile 
J apanese Flounder 
日次
緒 言 ・
第 1章 エネルギー源としての炭水化物の利用性 ・
第 1節 炭水化物の種類 ・・・
第 2節 飼料中のタンパク質と炭水化物の適正比 ・







第 1節 飼料中のエネルギーとタンパク質の適正比・l' . . . . . . 40 
第 2節 飼料巾のエネルギーとタンパク質の適正比-11' . . . . • • 52 
第 3:1立 魚粉代替タンパク質源の利用性 ・.. . . . . . . . . .・・・ 66
第 l節 各種原料の消化吸収率 .. . . . . . • . . . . . . . . 67 
第2節 各種原料による魚粉タンパク質の適正置換本 ・・・・ ・・ 78
第4章実用飼料の試作 ・. . . . . . . . . . . . . . . . . . . 10] 
第 5章総括 ・.. . . • . . . . . . . . . . . . . . . .・ ・・・]19 
謝 辞 ・ . 123 


























































































































































透明アクリル水僧を用いた。排池槽内の水誌は 21とし、排j世槽 1つにつきヒラメ l
尾を収容した。測定は止水状態で行い、実験期間中は僧内を常時曝気するととも





























































































ラピアの交配種 Oreochromisniloticus X 0.似reusを飼育し、本実験の場合と同様
に、グルコース区の成長、FEが他に比べ劣ることを明らかにした。コイ Cyprinus
ωrpio、17)ハマチ Seriolaquinqueradiala、18) シロザケ OFIcorlynchtuketoZ1)およびア
メリカナマズ IctaluruspUnCla(!ω22)においては、飼料に添加した炭水化物の分子量か
大きいJjが小さい方に比べて成長や FEが向kすることが報告されている。マタイ










































Table 1. Composition of 4 experimental diets with d ifferent kinds of carbohydrate 
Diet 
2 3 4 
Ingredient (%) 




Potato starch 26 
Pollack liver oil * 1 7 7 7 7 
Cellulose 5 5 5 5 
Mineral mixture叫 2.8 2.8 2.8 2.8 
Vitamin mixture 本2 4.2 4.2 4.2 4.2 
Proximate analysis (%) 
Moisture 4.9 2.6 2.3 3.6 
Crude protein 39.8 38.8 39.3 39.4 
Crude lipid 11 .8 11 .6 10.7 9.7 
Crude ash 10.9 10.7 10.7 10.5 
本1Riken Vitam in CO.， Ltd. (Feed oil 0). 
*2 Nippon Formula Feed Mfg. CO.， Ltd. 
ト-'
01 
Table 2. Growth data *1 of Japanese flounder fed diets with different kinds of carbohydrate for 4 weeks 
Diet Average body weight (g) Weight gain 
Initial Final (% ) 
1 (Glucose) 2.7 4.3 b*5 56 a 
2 (Maltose) 2.9 6.0 a 1 1 a 
3 (Dextrin) 2，7 6.4 a 139 a 
4 (Starch) 2.7 6.0 a 122 a 
*， Data represent average value of duplicate for each dietary group. 
叫 Feedefficiency (%， weight gain/feed intake). 
*3 Protein efficiency ratio (weight gain/dietary protein intake). 
FE*2 PER判
55 a 1 .4 a 
76 a 2.0 a 
92 a 2.4a 
93 a 2.4 a 
料 Dailyfeed consumption (%， feed intake/[{(initial weight+final weight)/2} Xrearing period (days))・
*5 Values in the same column having the same superscript are not significantly different (P > 0 .05). 








Table 3. Nitrogen excretion * 1 of Japanese flounder during 24h after feeding diets with d ifferent kinds of carbohydrate 
Diet Body No. Feeding 
weight(g) of fish rate(% ) 
1 (Glucose) 5.5土0.6 14 2.5士0.2
2 (Maltose) 5.6:t0.6 8 2.4:!0.2 
3 (Dextrin) 5.4土0.7 13 2.4士0.3
4 (Starch) 5.3:!:::0.7 10 2.4士0.2
* IData represent円leansand standard deviations. 
本2Sum of ammonia-N， urea-N. and faeces-N excretion. 







Nitrogen excretion (m g-N/1 OOg fish/day) 
Ammonia Urea Faeces Sum叫
42.1土3.5a*3 6.1士1.1 a 18.3+5.4 a 66.5土 6.88
34.5 :t4.0 b 6.0土1.3 a 18.4土8.4a 5 8 . 9:t 9. 9 ab 
3 1 . 0 :t8 . 9 bc 4.3 :!:0.8 D 16.0土7.6a 51.3土15.5bc 
29.6:t7.4 c 4.4土0.7b 14.4土6.2a 48.4:!: 8.0 c 
H 
-.l 
Table 4. Proportions ot excreted ammonia-N， urea-N， and taeces-N to consumed nitrogen of Japanese flounder fed diets with 
different kinds of carbohydrate 
Diet Body No. Feeding Consumed Nitrogen excretion (%) Nitrogen 
weight(g)判 of fish rate(% )判 nitrogen(%) Ammonia Urea Faeces Sum"'2 retention(%)叫
1 (Glucose) 5.5 :t0.6 1 4 2.5:t0.2 100 27.0 3.9 11.9 42.8 57.2 
2 (Maltose) 5.6:t0.6 8 2.4:t0.2 100 23.7 4.1 12.7 40.5 59.5 
3 (Dextrin) 5.4:t0.7 13 2.4土0.3 100 20.3 2.8 10.3 33.4 66.6 
4 (Starch) 5.3土0.7 1 0 2.4土0.2 100 19.5 2.9 9.5 31.9 68.1 
判 Meanand standard deviation. 
事2See the footnote of Table 3. 
























































Time after feeding (h) 
3-6 0・3
。
Fig.4.Diurnal changes in rates of ammoniaaNexcretion of Japanese flounder durin924h 
after feedingdiets with different kinds of carbohydrate-
Juvenile flounder of 4.3t06.69in body weight fed on2.02t0299%(average243%) 
oftheir body weight The numbers offish used were14in diet138in diet2，13in qiet3， 
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10-24 
Fig.5.Diurnal changes in rates of urea-N excretion of Japanese flounder 
during 24h after feeding diets with different kinds of carbohydrate-






























Time after feeding (h) 
Fig. 6. Diurnal changes in the blood sugar levels of Japanese flounder during 24h 
after feeding diets with different kinds of carbohydrate. 
Fish of 13.3 to 28.6g in body weight fed on 0.-84 to 1.13% (averaQe O.gg~) . of 
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Time after feeding (h) 
Fig. 7. Diurnal changes in the apparent protein digestibility of 
Japanese flounder during 24h after feeding diets with different 
kinds of carbohydrate. 

















































飼育実験には、 1995年 6月に愛知県日清マリンテックより体重約 3gで、窒素排
i世Ztの測定には、 1995年 5月に三重県穴川殖産より体重約百で、また、血糖値の
測定には、 1995年 7月に新潟県真野漁協より体重約 19で購入したヒラメを用い
た。いずれのヒラメも実験に供するまで、既に述べた方法で予備飼育した。
飼育実験は前節の方法に従い、 1995年6'"'"'8月に行った。開始体重は約旬、飼育





体芦は 8.2'"'-'21. 3g(平均、 14.0g)で、各宣言j料区における供試尾数は飼料 l、2、3、4
および5でそれぞれ 14、10、11、7および 11尾であった。
































































































Table 5. Composition of 5 experimental diets with different ratios of protein to carbohydrate 
Diet 
2 3 4 5 
I ngredient (%) 
White fish meal 81 75 68 59 51 
Potato starch 7 13 19 27 35 
Pollack liver oil本1 5 5 6 7 7 
Mineral mixture牢2 2.8 2.8 2.8 2.8 2.8 
C心 Vitamin mixture牢2 4.2 4.2 4.2 4.2 4.2 
ト・企
Nutrient content (% on dry matter basis) 
Crude protein 52.8 50.4 44.3 40.0 32.9 
Crude lipid 9.3 7.9 8.4 8.7 7.3 
Crude ash 21.8 20.3 18.3 15.6 14.5 
Carbohydrate *3 15.6 20.9 27.6 33.0 42.6 
Gross energy (kcal/1 OOg diet) 457 463 463 477 465 
*1 Riken Vitamin CO.， Ltd. (Feed oil 0). 
*2 Nippon Formula Feed Mfg. CO.， Ltd. 
*3 Carbohydrate=100一 (Moisture+Crudeprotein+Crude Iipid+Crude ash). 
Table 6. Growth data判 01Japanese flounder fed diets with different ratios of protein to carbohydrate for 6 weeks 
Diet Average body weight (g) Weight gain FE*2 PERH DFC本2 Survival 
Initial Final (%) (%) 
3.5 10.6.*2 205 a 146 a 2.9 a 1.9 100 
。コ 2 3.6 1 1 .5 aD 226 • 137 • 2.8 a 2.2 100 t-.:l 
3 3.5 1 2.1 0 243 • 117 t> 2.8 a 2.6 100 
4 3.7 8.4 c 125 b 100 c 2.7 a 2.1 100 
5 3.7 7.6 c 116 b 78 d 2.5 • 2白4 90 
政， Data represent average value of duplicate for each dietary group. 
*2 See the footnote of Table 2. 
巳心
心3
Table 7. Proximate composition *1 of whole body and protein retention in Japanese flounder fed 
diets with different ratios of protein to carbohydrate for 6 weeks (%) 
Diet Moisture Crude 
protein 
Initial fish 78.7土0.7 15.6+0.6 
77 .0 :t 0 .6ab吋 16.1:t0.48 
2 77.3士1.0 ab 16.2+0.6 a 
3 76.6+0.2 b 15.8+0.3 a 
4 78.0:t0.8 a 15.0士0.6b 
5 77.3:t0.7a 15.1+0.6 b 
判 Datarepresent means and standard deviations for 5 fish. 
り εxpressedas 100 x proteln Increased/ protein intake. 


























Table 8. Nitrogen excretion * 1of Japanese flounder during 24h after feeding diets with different ratios of protein to carbohydrate 
Diet Body No. Feeding 
weight(g) of fish rate(%) 
14.9 :t3.0 14 1.2:t0.1 
2 15.0土2.9 10 1.2:t0.1 
3 12.6士3.1 1 1 1.4 :!0.2 
4 12.6士2.6 7 1 .5土0.1
5 14.9:!4.0 1 1 1.4:t0.4 
判 Datarepresent means and standard deviations. 
・2See the footnote of Table 2. 
.3 See the footnote of Table 3 
Consumed nitrogen Nitrogen excretion(mg-N/1 OOg fish/day) 
(m g-N/1 OOg fish/day) Ammonia Urea Faeces Sum"'3 
100.0:t11.2 38.3:t 7.1 H2 5.0:!:1.98 5.1:t1.9d 48.4:t 8.5・
97.3:t10.9 35.9土 4.9・ 5.7:t1.4d 5.1 :!3.1 a 46.7土 5.8a 
97.5士15.4 36.3士17.3 ab 5.4:!:2.0a 6.0:!:2.88 47.7士18.7ab 
85.6:t 7.5 30 .9:t 8.2 ab 5.5:!:1.8a 4.8土2.1a 41.2:t 8.6由
69.9士17.2 26.6:t 9.0 b 5.6:!:2.1 • 6.4:t1.91l 38.6士11.2 b 
Table 9. Propoパionsof excreted ammonia-N， urea-N， and faeces-N to consumed nitrogen of Japanese flounder fed diets with 








川 Meanand standard deviation. 
"2 See the footnote of Table 3 
・3 See the footnote of Table 4 
No. Feeding 













N itrogen excretio n (%) Nitrogen 
Ammonia Urea Faeces Sum*2 retention(%)叫
38.3 5.0 5.1 48.4 51.6 
36.9 5.9 5.2 48.0 52.0 
37.2 5.5 6.2 48.9 51 .1 
36.1 6.4 5.6 48.1 51.9 
38.1 8.0 9.2 55.3 44.7 
EヨDiet1仁ヨ Diet4 


















Time after feeding (h) 
3・60・3
。
Fig.8.Diurnal changes in rates of ammonia-N e×cretion of Japanese flounder during24h after 
feedingdiets with different ratios of protein to carbohydrate. 
Fish of821021.39in body weight fed on 0.85t01.93%(average134%)of their body wei9ht 
The numbers of fish used were14in diet 110 in diet2，11in diet 3.7in diet 4.and11in diet 5. 
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Fig. 9. Diurnal changes in rates of urea-N excretion of Japanese flounder during 24h 
atter feeding diets with different ratios of protein to carbohydrate. 






















Fig. 10. Diurnal changes in the blood sugar levels of Japanese flounder during 
24h after feeding diets with different ratio of protein to carbohydrate. 
Fish of 8.5 to 34.4g in body weight fed on 0.93 to 1.37% (average 1.06%) of 























はタラ肝油を用いた。飼料 1は対照区で市販のヒラメ用飼料の CP含量に近い 55%
に設定した。試験区の飼料は、 CP含なが 50%(飼料 2""'4)、45%(飼料 5'"-'7)および
40%(飼料8""'1 0)になるように設定し、各CPレベルでエネルギー含量を 3段階とな
るように調整した。飼料は 5種類の組成の等しいものを 2軸型エクストルーダー






















験と同様の水槽を l基用いて行った。水柑に浮かべた網イケス(25X 25 X 30 -W X H 














方法に従った。粗脂肪は Folchel al.36)のクロロホルム :メタノール(2: 1)混合液抽
出法、酸化クロムは古川 ・塚原 37)の湿式灰化法により定量した。へマ トクリット






グルコースオキシダーゼ法 ;ト リグリセリド、 GPO・ρ.クロロフェノール法;カ




C[203 indiet (%) 
100 - {lOOX X 
Cr203 infaeces (%) 
nutricnt in facces (%) 
} 































Table 10. Composition 01 10 experimental diets with different ratios of energy to protein lor Japanese flounder 
Diet 2 3 4 5 6 7 8 9 10 
Ingredient (%) 
White fish meal 60 4 56.0 50.4 50.4 46.4 50 4 56.0 46.4 46.4 46.4 
Casein本 1 15.1 14.0 12.6 12.6 11.6 12.6 14.0 11.6 11.6 11 .6 
Potato starch 10.0 10.0 10 0 10.0 10.0 10 0 10.0 10.0 10.0 100 
Pollack liver oil本2 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.5 4.5 4 5 
Cellulose 1.5 6.5 1.5 1.5 11 .5 8.5 6.5 11.5 11 .5 1 1 .5
Mineral mlxture *3 
Vitamin mixture *3 2.7 I 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
Chromic oXlde 0.5 
~ 
Pollack liver 01本d 30 3.5 5.5 10 5 3.5 85 13.5 10.0 15.0 20.0 。、
Total 100 100 90 95 93 100 110 100 105 110 
Nutnent content (% on dry matter basis) 
Crude protein 54.2 50.9 51.5 48.6 45.9 46.1 46.7 43.2 40.7 39.0 
Crude 11pld 15白9 16.1 18.1 22.6 15.3 19.5 23.0 21.0 24.4 28.2 
Crude ash 14.7 13.9 14.2 13.6 13.0 12.9 12.7 12.0 11.5 10.9 
GE取S 516 513 529 552 507 533 550 535 557 578 
DE"'6 468 441 480 500 428 462 481 461 478 488 
GE/伊川 95 101 103 114 110 116 118 124 137 148 
DE/∞p*8 92 93 100 1 10 99 107 1 1 1 113 125 134 
判 NewZealand Mlk ProduCIS. (ALACID) け RlkenVltamln Co.， Ltd， (Feed 01 0). '<3 Nippon Formula Feed Mfg Co ， Ltd. 
. Thls amounl 01 Ihe pollack liver oil was adsorbed on 10 Ihe formulaled diels *5 Gross energy (kCalハOOgdiet). 
同 Dlgeslibleenergy (kcalハOOgdlet) ;-7 Gross energy(kcal/kg)/Crude proleln(%) 
叫 Dlgestibleenergy (kcal/kg)/Dlgeslible crude proteln (%) 
Table 11. Growth data本1of Japanese flounder fed diets with different ratios of energy to protein for 8 weeks 
Diet Cp*2 DE/DCP*3 Average body weight (g) Weight gain A料 AR料 DFC*4 Survival 
Initial Final (%) (%) 
54.2 92 4.6 34.6a*4 658 a 157 a 3.1 a 2.0 100 
2 50.9 93 4.5 33.3 ab 647 a 147 ab 3.0 a 2.2 100 
3 51.5 100 4.5 29.6 bc 548 ab 149 ab 3.1 a 2.0 98 
4 48.6 110 4.4 27.4 cd 524 b 144 bc 3.1 a 2.1 100 
，t. 
5 45.9 99 4.5 29.4 Dcd 556 ab 134 cd 3.0 a 2.3 100 σ3 
6 46.1 107 4.5 27.7 cd 511 b 138 bcd 3.1 a 2.2 98 
7 46.7 111 4.5 29.4 bcd 552 ab 142 bc 3.2 a 2.2 100 
8 43.2 113 4.6 25.8 ce 457 bc 132 Cd 3.1 a 2.2 98 
9 40.7 125 4.5 24.7 de 447 bc 126 de 3.2 a 2.3 100 
10 39.0 134 4.5 21.7 e 379 c 118 e 3.1 a 2.3 100 
*¥ Data represent average value of duplicate for each dietary group. 
リ Crudeprotetn (% dry m atter) 
"'3 See the footnote of Table 10. 
•• See the footnote of Table 2. 
Table 12. Proxirnate cornposition *1 o( the whole body of Japanese flounder fed diets with difterent ratios of 
energy to protein for 8 weeks (私)
Diet Cp*2 DE/DCP*2 Moisture Crude protein Crude lipid Crude ash 
Initial 79.6::!:O.6 15.0:t0.0 1.9士0.1 3.5::!:O.2 
54.2 92 73.7土0.8ab刈 16.5士0.7abcd 6.1 :!: 0 .6 bc 3.3土0.1ab 
2 50.9 93 73.5土0.9abc 16.7士0.5ab 6.2土0.4b 3 .4 :!0 .2 ab 
~ 
--】
3 51.5 100 7 2 .8 :!:0 . 9bcd 16.5::!:O.3a 7.0士0.7ab 3 .3 :!:0 . 1 ab
4 48.6 110 73.2土0.6bc 15.7:!:O.2d 6 . 7 :!:0 . 8 ab 3.3 :t0.1 ab 
5 45.9 99 74.5土0.9a 16.2土0.4abcd 5.0士0.9c 3.4土0.1ab 
6 46.1 107 7 3 .8 :!:1 . 2abc 1 6. 2 :!: 0 .2 abc 5.6士1.0 bc 3.4士0.1ab 
7 46.7 111 72.6士1.0 bcd 1 6. 1 :t0 . 2 bc 7.2:tO.6a 3.3士0.1b 
8 43.2 113 72.4土0.7bcd 1 6 .3 :!:0 .6 abcd 6 .9 :!:0 . 6 ab 3.3土0.1ab 
9 40.7 125 72.0:tO.7 d 1 6. 1 :t0 . 5abcd 7.7土0.6a 3.3 :t0 .2 ab 
1 0 39.0 134 ア2.7土0.3cd 16.0土0.2cd 7.2::!:O.4 a 3.4:!:O.1 a 
*， Data represent means and standard deviations for 5 lish. 
本2See the footnote 01 Table 11. 
*3 See the footnote 01 Table 2. 
Table 13. Retention of protein， lipid， and energy in Japanese flounder fed diets 
with different ratios of energy to protein for 8 weeks 
Diet CP本1 DE/DCP*l Retention (%) *2 
Protein Lipid Energy 
54.2 92 51.3 aホ3 70.2 a 50.0 a 
2 50.9 93 51.4 a 65.8 a 46.4 ab 
ドム
αコ 3 51.5 100 51.8 a 69.6 a 49.6 a 
4 48.6 110 49.4 a 51.2 b 44.4 bc 
5 45.9 99 49.2 a 50.2 bc 39.0 de 
6 46.1 107 51.2 a 46.4 c 40.9 cd 
7 46.7 111 51.7 a 52.7 b 44.9 bc 
8 43.2 113 52.3 a 51.7 b 43.2 bc 
9 40.7 125 52.1 a 48.0 bc 41.3 cd 
10 39.0 134 50.4 a 36.8 d 35.5 e 
*1 See the footnole of Table 11. 
同 (Prolein，Lipid， or Energy increased!prolein， Lipid. or Energy intake) X 1 00. 
取3See the foolnote of Table 2. 
Table 14. Hematologlcal charactertstics and conlents 01 some plasma constituents川 inJapanese floundor fed diets with different rallos 01 energy to proteln (or 8 weeks 
Diet Cp*2 DE!DCP*2 Hemoglobin Hematocrit Red blood cell Protein Tnglyceride Glucose Phosphate Calclum Chlonde 
(g/100ml) ~ Xl09/ml) (g/1 OOm 1) (mg/l00mり (mg/l00ml) (mg/100ml) (mg/l00ml) (mEq/l) 
54.2 92 62土05-*3 26.0土3.5bc 2.9土0.3a 4.3 :!:0.2 bCd 473土 75• 23 2主 65 abe 10.0土08' 11.5土1.0帥 C 1357土 3.0b 
t仏o 2 50.9 93 5.7土o2 • 27.6 ・十 4.9 ab 2.7:!:0.4.b 4.1主o1 d 473-:1"t32 0 153土 29e 10.0rO.7 a 11 1 +0 6 b 1393:!: 3.1帥
3 51.5 100 6.0 :!:0.6 • 26.9+3.1 abc 2.9:!:0 6曲 4.4主0.2bc 1121土436c 268之 9.5ab 96:::0.5 a 1.5土0.3b 137.1 + 2.8 b 
4 48.6 110 53 :!:0.7 01 235土1.3DCd 2.4土0.20 4.3土0.2bCd 2003土733.bc 30.8rl0.4抽 86ヱ0.4b伺 120:!:02C 1477土10.7前
5 45.9 99 5.1主0.5b 249土3.8bcde 2.7 :!:0.3 ab 4.3 :!:0.2 bcd 1234土583Cd 164:!: 49民 89:::0.6油吋 11 5土05bc 141.6土 5.7・b
6 46.1 107 5.2:!:0 9 ・。 205:!:2.5回@ 2.4 :!:0.3 ab 4.1土0.2cd 1387土687bc 22.5rI3.4 abc 9 7rO.9 ab 11.3土0.5b 140.3土 5.6曲
7 46.7 1 1 1 5.0:!:0.4。 20.2土08. 2.6土0.3油 4.3 :!:0.2 be 1869 :!:954曲C 303+ 90 ao 99::: 1.1 abc 11 5土04bc 144.8:!:154・b
8 43.2 113 47:!:0.4T 203:!:3.1d・ 2.4主0.3拍 4.2.:!:0 1 bcd 2122土762・bc 31 3土10.9白 91二1.0曲凶 11.4土03b 155.8土14.1曲
9 40.7 125 5.4 -t0.5曲 31.5::2.3" 2.6土0.2曲 5.2 :!:0.2 a 2552土457曲 40.7土 4.0a 8.1 ::0.5向 12.9土0.5a 154.9土11.3• 
10 39.0 134 53斗 05.。 20.2土27 de 2.4土0.4ab 4.8土04拍 2846土798• 30 1土14.4.0 82r07Cd 12.4土0.8・M 157.7+15.31 
.， Dala raprasant maans and standard dO¥lIallOns for 3 10 5 hsh 
'2 Sea Iha foolnola 01 Table 11 
'3 See Ihe loolnole Qf Table 2 
Table 15. Apparent digestibility of nutnents and the ratio 01 digestible energy to protem in 
Japanese flounder led diets with different ratlos of energy 10 protem. 
Diet Apparent digestibility (%) DE*' DE/DCPホ1
Prolein Lipid Energy 
93.4 92.2 90.8 468 92 
CJl 2 92.7 91.2 85.9 441 93 o 
3 93.4 93.3 90.7 480 100 
4 93.1 93.3 90.6 500 110 
5 93.6 93.1 84.3 428 99 
6 93.8 92.9 86.7 462 107 
7 93.2 93.1 87.4 481 1 1 1 
8 94.6 94.3 86.2 461 113 
9 94.3 93.7 85.8 478 125 
10 93.3 92.9 84.5 488 134 








































































































































































































を他の魚種と比較すると、ニジマス 42)の 130、コイ 44)の 97"""116より低く、ブリ
のモイストペレツトにおける 70付近的、 46)およびソフトドライペレツトにおける
96"""103、47)タイ 49)の74と近い値となったが、ハマチおよびタイにおける飼料中
の至適 CP含昆は 50%付近であり、ヒラメ稚魚飼料に比べ低い。また、 DE(k叫)当
50) 

















46) 4-..J- ..._'- _L: _， _，48) で最大になったと報告されている。 また、 Takeuchiel al. は同じ CPレベル(45
および55%)において、飼料中の粗脂肪含量の増加に伴う成長やFEの向上を認めて
おり、プリにおいてはエネルギー源としての脂質の利用性は高いと与えられる。 一














本実験では CP55%以よの飼料では FEや PERがわずかに改持されたことから、前
章で検討した炭水化物に比べると利用性は高いと考えられる。CP55%以上において






































































Table 16. Composition 01 10 experimental diets with diferent ratios 01 energy 10 prolein for Japanese flounder 
Dlet 2 3 4 5 6 7 8 9 10 
I ngredienl (%) 
Brown fish meal 57.4 57.4 56.0 52.5 52.5 52.5 47.6 47.6 47.6 52.5 
Casein淑? 24.6 24.6 24.0 22.5 22.5 22 5 20.4 20.4 20.4 22.5 
Potato starch 7.0 7.0 6 1 10.0 10.0 8 0 15.0 13.0 12.0 10.0 
Cellulose 3.0 0.0 0.0 7.0 3.0 0.0 9.0 7.0 3.0 3 0 
Pollack liver oil本2 2.0 5.0 8.7 2.0 6.0 11 .0 2.0 6.0 1.0 3.0 
Palm oil 0.0 0.0 0.0 0.0 0.0 0.0 。。 0.0 0.0 3.0 
Mlneral mlxture *3 2 8 2.8 2.5 2.8 2 8 2 8 2.8 2 8 2 8 2.8 
σ3 
Vlla庁lInmlxture掌3o 2.7 2 7 23 2.7 2.7 2 7 2.7 2 7 2.7 2.7 
Chromlc oXlde 05 0.5 o 4 0.5 05 05 0.5 0.5 0.5 0.5 
Total 100 100 100 100 100 100 100 100 100 100 
Nutrienl conlenl (% on dry matter basis) 
Crude protein 66.1 66.7 64.5 59.5 60.8 60.6 55.4 53.5 54.0 61.8 
Crude lipid 9.5 13.0 16.7 9.8 13.4 18.6 8.9 13 1 18.8 13.8 
Crude ash 11 .8 11.8 1 1 .1 10.7 10.5 10.5 10.2 10 0 10.2 10.6 
GE~4 514 527 550 507 534 555 501 521 542 532 
DE*4 480 502 525 446 495 514 428 451 486 484 
GE/cp"4 78 79 85 85 88 92 90 97 100 86 
DE/∞p*4 75 78 84 78 84 89 81 88 95 82 
*1 New Zealand Mlik Products. (ALACID) 
り RikenVitamln CO.， Lld. (Feed 011 0) 
*3 Nippon Formula Feed MIg.Co.， Ltd. 
• • See the footnote 01 Table 10 
Table 17. Growth data * 1 of Japanese flounder fed diets wlth different ratios of energy to proteln for 8 weeks 
Diet CPり DE/DCP叫 Average body weight (g) Weight gain FE村 AR本3 DFC刈 Survival 
Initial Final (%) (% ) 
66.1 75 5.1 41.3 abc*3 715 abc 188 b 3.0 a 1.7 100 
m 2 66.7 78 5.0 42.7 a 748 a 196 a 3.1 a 1.7 100 
~ 
41.9 ab 733 ab 196 a 3.2 a 3 64.5 84 5.0 1.7 100 
4 59.5 78 5.0 41 .0 abc 714 abc 175 d 3.1 a 1.9 100 
5 60.8 84 5.1 38.9 abc 670 abcd 185 c 3.2 a 1 .7 100 
6 60.6 89 5.1 40.7 abcd 704 abcd 191 b 3.3 a 1 .7 100 
7 55.4 81 5.1 38.1 bcd 654 bcd 163 I 3.1 a 2.0 100 
8 53.5 88 5.0 37.7 cd 647 cd 168 e 3.3 a 1.9 100 
9 54.0 95 5.0 36.7 d 627 d 177 d 3.4 a 1.8 100 
10 61.8 82 5.1 38.5 bcd 658 bCd 182 c 3.1 a 1.8 100 
.， Data represent average value of duplicate for each dietary group. 
泳2See the footnote of Table 11. 
*3 See the footnote of Table 2. 
Table18. Proximate composition *1 of the whole body of Japanese flounder fed diets with different ratlos of 
energy to protein for 8 weeks (%) 
Diet Cp*2 DE/DCP*2 Moisture Crude protein Crude lipid Crude ash 
Initial 78.5 15.7 2.1 3.4 
66.1 75 75.1 ab本3 17.6 a 3.1 c 3.4 ab 
σ3 
2 66.7 78 74.7 abc 17.2 ab 3.7 b 3.4 ab 
トコ 3 64.5 84 74.0 cd 17.0 bc 4.7 a 3.3 bc 
4 59.5 78 75.3 ab 1 7.3 ab 3.1 c 3.4 ab 
5 60.8 84 74.6 bc 17.0 bc 3.8 b 3.3 bc 
6 60.6 89 73.8 cd 17.0 bc 4.9 a 3.2 c 
7 55.4 81 75.5 a 17.3 ab 2.8 c 3.4 a 
8 53.5 88 74.5 bc 17.0 bc 4.0 b 3.4 ab 
9 54.0 95 73.3 d 16.7 c 5.2 a 3.2 bc 
10 61.8 82 74.6 bc 17.0 bc 3.7 b 3.3 ab 
事， Data represent means of two pooled samples (5 fish/sample) from each dietary group 
移苦Seethe footnote of Table 11. 
殺3See the footnote of Table 2. 
Table 19. Retention of protein， lipid， and energy in Japanese flounder fed diets 
with ditferent ratios of energy to protein for 8 weeks 
Diet Cp*l DE/DCP* 1 Retention (%) *2 
Protein Lipid Energy 
1 66.1 75 53.0 e*3 67.0 a 50.3 cd 
2 
0> 
66.7 78 53.7 de 62.0 ab 53.6 ab 
E心 3 64.5 84 54.8 c 61.7 ab 55.1 a 
4 59.5 78 53.5 e 60.3 ab 46.3 e 
5 60.8 84 54.7 cd 58.6 b 50.4 cd 
6 60.6 89 56.2 b 57.1 b 53.0 ab 
7 55.4 81 53.9 cde 54.9 b 42.9 f 
8 53.5 88 56.1 b 57.6 b 46.6 e 
9 54.0 95 57.4 a 55.9 b 52.4 bc 
10 61.8 82 53.1 e 55.2 b 49.6 d 
• I See the footnote 01 Table 11. 
思2See the lootnote 01 Table 13. 
機3See the footnote 01 Table 2. 
Table 20. Hematological charactenslIcs and conlents 01 some plasma constituents稼 Iin Japanese Ilounder led diets wlth different rallos 01 energy 10 proleln lor 8 wceks 
Diel 伊吋 D町DCP刊 Hemoglobin Hematocrit Red blood cell PrOlein Triglyc自ride Glucose Phosphale Calcium Chloride 
!.2ハOOml) ~ (Xl09/ml) (9/1 OOm 1) (mg/l OOm 1) (mg/l00ml) (mgハOOml) (mg/l00ml) (mEql) 
66.1 75 62:!::O 3 b't 29.2 !.3.5 b 3.3士02b 4.5土0.6ab 213之 36a 387土20.2abc 8.3:t0.9抽出 11 9土0.9nbC 138.1よ7.7abc σコ 2 6.4立0.5曲 35.0-1:320 3.2 :!:O.2 b 4.4 :t0.2 • 9 。 25 9'" 6.5油 C 8 0 :t0.6 bca 11 4 +04・M 131.9土2.7c ~ 66.7 78 242 + 
3 64.5 84 63土10 ab 37.8土6.4帥 3.4:t0 5 拍 4 5:t0.3 a 409土137 abc 43 3土13.4abc 9.0土0.2• 121:t08曲C '38.7土5.5・bC
4 59.5 78 6.6土05aD 312+5.6 ab 3.6:!::O.2曲 44土0.3a 246土 18d 434土19.7副 8.7 :!::O.S拍 117:!::07aoc 1387土7.8・Te
5 60.8 84 63土09・b 339土32拍 3 2:!::0 8 拍 4.1 :t0.5拍 399土104 帥 353"'13.8 "民 8.5 :t0.9 aDCO 11 7:t0 6曲 1459土62 a 
6 60.6 89 58:t05b 333土19 ab 3.4 :!:0.2 拍 4.2::::0.3油 407土 50・462....'5.0. 7.6 :t0.3 d 118:t05.bc 1336土30bc 
7 554 81 67i.0.4 ・ 303.!2.2b 3.7土03a 4.2土0.2 • 227土 25 o 34 7土10.5.0 8.8土0.9・恥 11.1土04肘 139 1 :!:2 9帥
8 53.5 88 6.0土04。 33 8 :!2 2油 3.2:!::O 2 b 3.8ヱ0.3t 282土 54 DCO 21 7'!:. 3 8 bc 7.8工0.5cd 10.9ヱ0.3 138 1土49 aTC 
9 54.0 95 6 1 +0 6 aT 280 +3 3 a 3.5土0.3 ab 4.1 :::0.3 8b 423 土 92 ・~c 322:::11.2.0 77=0.4叫 11.5土o3 aTc 1385:::4.3曲
10 61 8 82 6.1 .:tO 4 ab 32 1土2.3油 3.4土0.3 油 4.3土0.2a 275土 58 凶 184土 2.8C 8.3土0.8曲目 11.6土0.3• 1352土24bc 
• • 0818 represent means and standard devlallOns 101 4 Or 5 Ilsh. 
'2 see lhe 1001nOle 01 Table 1 
.， See lhe lootnole 01 Tabte 2. 
Table 21. Apparent digestibility of nutrients and the ratio of digestible energy to protein in 
Japanese flounder fed diets with different ratios of energy to protein. 
Diet Apparent digestibility (%) DE*' DEjDCP本1
Protein Lipid Energy 
96.4 94.2 93.3 480 75 
σ3 2 96.6 95.7 95.2 502 78 c:n 
3 96.5 94.9 95.4 525 84 
4 95.9 93.2 87.9 446 78 
5 96.5 95.0 92.6 495 84 
6 95.1 91.6 92 5 514 89 
7 95.3 90.1 85.5 428 81 
8 95.4 92.6 86.6 451 88 
9 95.2 92.0 89.7 486 95 
10 95.4 91.9 91.0 484 82 








































合況は PFMが 84.2%と高く、 SBMが 45.0%と最も低かった。リン含震では MBM
が 5.7%と高い値を示したが、これは主に骨由来の第 3リン駿カルシウムによるも
のだと推察された。また、各原料中の必須アミノ酸(Esscnti剖aminoacid、Eん久)組成










Tablc 25に示した。試験飼料は基本飼料の 50%をSBMで、 30%をMM、ルffiM、PFM
および CGMでそれぞれ置換したものである。 SBMはCP合E1が他の原料と比べて
促いために 50%の配合とした。全ての飼料は 2納豆!エクストルーター(Buhler)を用








































Table 22. Nutrient contents of the test ingredients 
Crude protein Energy Phosphorus 
Ingredients (% ) (kcalハOOg) (% ) 
-.l Fish meal (FM) 67.3 460 2.7 
ト4
M eat meal (M M) 76.1 530 1 .2 
Meat and bone meal (MBM) 53.5 400 5.7 
Poultry feather meal (PFM) 84.2 520 0.8 
Soy bean meal (SBM) 45.0 430 0.7 
Corn gluten meal (CGM) 66.3 510 0.4 
Table 23. Essential amino acid composition of the test ingredients 
Ingredients 
BFM MM MBM PFM SBM CGM 
Essential amino acid (gハ6gN) 
Arginine 5.35 6.45 7.16 7.29 6.70 3.03 
Lysine 7.63 5.07 、1 5.04 2.59 6.15 1.62 
トコ Histidine 2.90 1.93 1 .81 0.86 2.48 1.81 
Phenylalanine 3.80 3.24 3.27 4.76 4.72 6.19 
Leuclne 7.05 5.75 6.76 8.84 7.39 15.95 
Isoleucine 3.90 2.81 2.66 5.18 4.33 3.89 
Methionine 2.63 1.39 1.40 0.61 1.49 2.37 
Valine 4.91 4.31 4.22 7.41 4.74 4.31 
Threonine 3.99 3.09 3.09 4.98 3.86 3.28 





















































































































Table 25. Composition of the test diets (%) 
Diet 
Ingredients MM MBM PFM SBM CGM 
Reference d iet 70 70 70 50 70 
-J 
~ Meat meal 30 
Meat and bone meal 30 
Poultry feather meal 30 
Soy bean meal 50 
Corn gluten meal 30 
Total 100 100 100 100 100 
Table 26. Nutrient contents of the reference and test diets (%) 
Diet 
Ref. MM MBM PFM SBM CGM 
-J 。、 Crude protein 45.2 54.8 47.4 57.1 44.3 51 .9 
Moisture 5.0 4.6 3.1 4.0 6.7 5.2 
Chromic oxide 1 .0 0.8 0.7 0.7 0.5 0.7 
Phosphorus 2.0 1.4 2.4 1.4 1 .3 1 .5 
Energy (kcal/1 OOg diet) 480 472 469 495 440 492 
Table 27. Apparent digestibility of various ingredients for Japanese flounder 
Apparent digestibility (%) 
Ingredients Protein Energy Phosphorus 
Fish meal 92 88 47 司、I
()) 
Meat meal 97 92 106 
Meat and bone meal 81 72 25 
Poultry feather meal 74 66 60 
Soy bean meal 91 73 68 
Corn gluten meal 70 65 76 
h、3
‘J 
Table 28. Digestible crude protein (DCP) and energy (DE) value of 
various ingredients determined with Japanese flounder 
DCP DE 
Ingred ients (0/0 ) (kcalハOOg)
Fish meal 61 .9 405 
Meat meal 73.8 488 
Meat and bone meal 43.3 288 
Poultry feather meal 62.3 343 
Soy bean meal 41 .0 314 



























































を単独のタンパク質源とする飼料である。飼料 2"-'5は魚粉の一部を ル侶M で置換
したもので、ルffiM由来のタンパク質による魚粉タンバク質の摂換量はそれぞれ 20、
30、40および50%である。また、いずれの飼料包の CP合員も同じになるように調
整したが、 MBM の CP 含量を考慮、して、 CP 合出:は 50~詑度に設定した。飼料 2.......5
では MBMに不足するメチオニン、 リジンおよびトリフトファンを、北洋魚扮と














































































も劣った。コィ、 70)ニジマス、 71)フPリおよびマダイ 72)においても、 ルffiMの APD
およびAEDは魚粉や h仏4に比べ劣ることが報告されており、これは 恥侶M に多量



































る。MMにより魚粉タンパク質を 20および 40弥山燥した飼料区(飼料 2、3)の終了
時体重と増豆半は魚粉のみをタンパク質源とする対照区(飼料 1)と有意な違いはな




質の40%までが 険制 により霞換可能であると考えられる。また、最大置換量は 40
"'60%の間にあると推察される。

















示野ら 74)は、 A品4、MBM、CGMを魚粉代梓タンパクfi?原とした飼料でプリ Seriola






ヒラメ稚魚用飼料における魚粉の代替タンパク質に関する検討は、 Kikuchiet aJ. 
62) 
がPFM および SBM 、Yamamotoel al.が麦芽タンパク(Molprotein flour、MPF)63) 
について行い、魚粉タンパク質の代替最は PFMで20"-'40%、SBMで約50%、MPF










これに対し、 MBMは 恥削 より安価(陥4の 75%程度)で、 陥4と由来の同じタンハ
ク質を含むが、 DCP含量の低さやリン含52の高さから、ヒラメ用飼料の魚粉代替タ
ンパク質として利用性は、あまり期待できない。 ルffiMを魚粉の代替タンパク源と



































Table 29. Composition of 7 experimental meat meal diets for Japanese flounder 
Diet 2 3 4 5 6 7 
Replacement (%) *1 。 20 40 60 80 100 40 
Ingredlent (%) 
White flsh meal 80.0 64.0 48.0 32.0 16.0 。 48.0 
Meat meal *2 。 13.0 25.0 38.0 51.0 64.0 25.0 
Potato starch 7.0 9.4 12.8 16.3 18.7 21.2 14.0 
Polack liver oil 牢3 6.0 6.0 6.0 5.0 5.0 5.0 6.0 
M ineral m ixtu re 本4 2.8 2.8 2.8 2.8 2.8 2.8 2.8 
Vitamin mixture *4 4.2 4.2 4.2 4.2 4.2 4.2 4.2 
αコ A ・・dsuool 牢5<.0 mrno aCl ppement 。 0.6 1.2 1.7 2.3 2.8 。
Proximate analysis (%) 
Moisture 3.7 3.6 4.6 7.0 3.1 3.6 6.1 
Crude protein 55.6 55.2 53 3 52.0 53.2 52.7 52.0 
Crude Ipid 12.8 12.8 12 9 1 1 .8 12.5 12.7 12.6 
Crude ash 19.3 15.8 13.8 1.2 9.8 8.1 13 9 
川 Substitutlonlevel of meat meal for white fish meal protein In diet 1. 
海2 Gunma-ken Kasei Sangyo. 
*3 Riken Vitamin CO.， Ltd. (Feed oil 0). 
判 NipponFormula Feed Mfg. CO.， Ltd. 
本5 To 1 OOg of each diet， 0.2g of DL-methionine (Met) and 0.49 of Iysine-HCI (Lys) were added to 
diet 2， 0.1 9 of L-tryptophan (Trp)， 0.4g of Met， and 0.7g of Lys were added to diet 3，0.1 9 of 
Trp， 0.59 of Met， and 1.1 9 of Lys were added to diet 4， 0.2g of Trp， 0.7g of Met. and 1.4g of 
Lys were added to dlet 5. and 0.29 of Trp， 0.89 of Met， and 1 .8g of Lys were added to diet 6 
Table 30. Growth data*1 of Japanese flounder fed diets containing different levels of meat meal for 8 weeks 
Diet Replacement Average body weight (g) Weight gain FEり PER琢3 DFC刊 Survival 
(% )本2 Initial Final (% ) (% ) 。 3.5 23.1 a叫 553 a 159 a 2.9 a 2.0 100 
c.o 2 20 3.3 19.1 a 469 abc 167 a 3.1 a 1.8 98 
Cコ
3 40 3.5 21.8 a 514 ab 161 a 3.1 a 1 .9 98 
4 60 3.2 20.1 a 520 ab 145 bc 2.8 ab 2.2 100 
5 80 3.4 15.9 a 366 bc 137 c 2.6 bc 2.0 100 
6 100 3.4 13.5 b 292 c 122 a 2.3 c 2.1 93 
7 40 2.9 16.9 a 469 abc 156 ab 3.0 a 1.9 98 
*1 Data represent average value of duplicate for each dietary group. 
*2 See the footnote of Table 29. 
'*3 See the footnote of Table 2 
<.0 
トー
Table 31. Proximate composition * 1of whole body of Japanese flounder fed diets containing different levels of m eat meal 
for 8 weeks (%) 
Oiet Replacement (%) *2 Moisture 。 74.2+1.2 b川
2 20 75.1 :t0.7 b 
3 40 75.0士0.5b 
4 60 75.5+0.4 ab 
5 80 75.5 :t0.7 ab 
6 100 76.9士1.3a 
7 40 75.0士0.5b 
判 Datarepresent means and standard devlations for 5 fish. 
*2 See the footnote of Table 29. 
.3 See the foolnote of Table 2. 
Crude protein Crude lipid Crude ash 
17.4+0.6 0 3.9+0.4 a 3.5:t0.1 b 
16.9+0.3 ab 3.9+0.5 a 3.5+0.1 b 
16.9+0.3 ab 4.2土0.3a 3.5+0.1 b 
16.8+0.3曲 3.4:t0.4ab 3.6+0.1 b 
16.9+0.4 ab 3.1+0.3 b 3.6+0.1 ab 
15.8+0.6 c 2.6:t0.3C 3.7:t0.1・
16.4+0.4 bC 4.0+0.3 a 3.6+0.1 b 
Table 32. Hematologlcal charactenstlcs and contents 01 some plasma constltuent京1In Japanese flounder led dlets contalnmg diHerent levels 01 meat meal lor 8 weeks 
Diet Replace打lent Hemoglobln Hematocnt Red blood cel Protein Triglyceride Glucose Phosphate Calcium Chloride 
(%)叫 (g/l OOm 1) (%) (X109/mり (g/l OOm 1) (mg/100ml) (mg/100ml) (mg(100mり (mg/l OOm 1) (mEq/l) 
。 4 2土o4柑・3 25.0土4.3・ 2.3土0.2b 3.2土0.2叫 486土260・ 24.5:t 5.3・ 8.7 :t0.6・ 9.7:t0.7・ 130 8:t 6.4 b 
c.o 2 20 4 7土10 .。 2731-5.1・ 2.6土0.5向 3.7士o1・ 179土 68・ 28.7主 84・ 84 :!:0.5曲 10.2土o7・ 139.0土 3.0・bトコ
3 40 4 9士o8 .。 28 7 :t5.3・ 2.4 :t0.5由 3.5:t0 1 • 238:t 64・b 36.2士13.7・ 8.4土14帥 10.0:t08・ 1372土 6.4・b
4 60 4 5土08帥 23 6:t4 9・ 2.3 :tO.2 b 38土o5・h 214土 28・ 25 3:t 5 3・ 8.5士o7・b 104:t03・ 140.9:t 5.9帥
5 80 5 1士06・ 255土47・ 2 8士03・ 39土13・t>cd 208土 92帥 302土 27・ 78主03拍 10 5土08・ 135.3:t109山
6 100 39土0.5・ 195土4.5・ 2.2土03. 2 9土0.2d 205主 42・ 27 6:t 35・ 7 7 ::0 5 • 105土09・ 141 4土 4 2 ・
7 40 4 7土0.6州 262土46・ 2 6土03'. 3 5土07・凪d 332土147・0 27 8:tl0 9・ 8 2土1.1・u 100土o3・ 140 2:t 1 7・
• I Data replese"l means and slandard devial.onS lor 5 1Sh 
'1 See Ihe !oolnole 01 Tabfe 29 
• J See the loolnote 01 Table 2. 
Table 33. Composition of 5 experimental meat and bone meal diets for Japanese flounder 
Diet 2 3 4 5 
Replacement (%) *1 。 20 30 40 50 
Ingredient (%) 
White fish meal 70.0 56.0 49.0 42.0 35.0 
Meat and bone meal *2 。 18.0 27.0 36.0 44.0 
Potato starch 16.0 12.4 11 .0 9.7 8.6 
Pollack liver oil *3 7.0 6.0 5.0 4.0 4.0 
Mineral mixture 牢4 2，8 2.8 2，8 2.8 2.8 
Vitamin mixture 
牢4
4.2 4.2 4.2 4.2 4.2 
<D A ・・dsuool 本5 。む3 mmo aCl ppement 0.6 1.0 1.3 1.4 
Proxlmate analysis (%) 
Moisture 3.1 3.0 4，3 2.8 2.8 
Crude protein 49，1 48，4 54，2 50，2 50.6 
Crude lipid 13.8 14，3 13，3 13，0 13，2 
Crude ash 17.2 19，4 14.4 21.4 21.8 
ド Substitution level of meat and bone meal for whlte flsh meal protein in diet 1. 
*2 Gunma-ken Kasei Sangyo. 
本3 Riken Vitamin CO.， Ltd， (Feed 0110). 
本4 Nippon Formula Feed Mfg. CO.， Ltd. 
*5 To 1 OOg of each diet， 0，2g of DL-methionine (M et) and 0，4g of Iysine-HCI (Lys) were added to 
diet 2， 0，1 9 of L-tryptophan (Trp)， 0.39 of Met， and 0.69 of Lys were added to diet 3. 0，1 9 of 
Trp， 0，4g of Met， and 0，8g of Lys were added to dlet 4， 0.19 of Trp， 0.4g of Met， and 0.99 of 
Lys were added to diet 5. 
Table 34. Growth data *1 of Japanese flounder fed diets containing different levels of meat and bone meal for 7 weeks 
Diet Replacement Average body weight (g) Weight gain A *3 PER刊 DFC本3 Survival 
(%) *2 Initial Final (% ) (%) 。 2.6 18.0 a叫 593 a 132 ab 2.7 a 2.2 82 
CD 2 20 2.6 14.9 b 465 ab 120油 2.5 ab 2.2 87 
~ 
3 30 2.5 16.1 ab 537 ab 137 a 2.8 a 2.2 95 
4 40 2.6 14.3 b 447 b 115 bc 2.1 bc 2.4 85 
5 50 2.5 12.2 c 384 b 100 c 2.0 c 2.5 85 
*1 Data represent average value 01 duplicate tor each dietary group. 
*2 See the footnote 01 Table 33. 
本3See the footnote 01 Table 2. 
w 
巳}1
Table 35. Proximate composition * Iof whole body of Japanese flounder fed diets containing different levels of meat 
and bone meal for 7 weeks (%) 
Diet Replacement (%) *2 Moisture 。 76.4士1.2 a刊
2 20 76.0+2.0 a 
3 30 75.8土0.9a 
4 40 75.6::!:O.5 a 
5 50 76.7::!:O.9 a 
* 1Data represent means and standard devlations for 5 fish. 
放2See the footnote of Table 33. 
*3 See the footnote of Table 2. 
Crude protein Crude lipid Crude ash 
15.4土0.41> 4.0:t0.3 a 3.4+0.2 a 
15.8+1 .3 ab 3.7土1.1 aD 3.7+0.2 a 
16.6土0.3a 2，9土0，6bc 3.5土0.2a 
16.2士0.4a 2.5::!:O.7 c 3.6土0.2a 
16.6士0.7ab 2.9士0.3bc 3.6土0.7a 
c.o 
(j) 
Table 36. Hematological characteristics and contents 01 some plasma constltuent * 1In Japanese 110under fed dlets containmg different levels 01 meat and bone meal 10r 7 weeks 
Oiet Aeplacement Hemoglobln Hematocrlt 
(%)叫 (g/100ml) (%) 
。 6.1土0.2.叶 38.7土6.0・b
2 20 5.5士0.4・ 28.8土2.1b 
3 30 63士0.5・ 38.8土1.9・
4 40 5.4 :!O.5・ 30.0土2.2・
5 50 6.4土0.6・ 40.3土3.9・
.1 Data represent means and standard devlahons lor 5 flsh 
・，$帥 thelootnote 01 Table 33 
・3See lhe lootnole 01 Table 2 
Aed blood cell Protein 
( X 1 09/m 1) (gハOOml)
3 3土0.4・ 4.5土0.4帥




Trlglyceride Glucose Phosphate Calcium Chloride 
(mg/l00ml) (mg/100ml) (mg/100ml) (mg/l00ml) (mEq/l) 
239主 78・ 23.5:! 4.1・ 8.5土0.3帥 11 8土o2・ 1263土2.4・
248土130・ 23.2土 5.0・ 9.2土0.6・ 121::!:03・ 127.0:tS.2・
274土 71・ 242::!:11.5・ 8.3土0.8拍 11.8土0.4・ 127.2士4.5・
228土 57・ 173:! 37・ 8.3土0.3• 11.5土06・ 123 4土7.0・
360土190・ 28 4:! 8 7・ 88エ0.7曲 11.5土09・ 128.8土4.8・
• 
Table 37. Composition of 5 experimental corngluten meal diets for Japanese flounder 
Diet 2 3 4 5 
Replacement (%) 牢1 。 20 40 60 40 
lngredient (%) 
White fish meal 75.0 60.0 45.0 30.0 46.0 
Corngluten meal 牢2 。 15.0 29.0 43.0 31.0 
Potato starch 13.0 10.6 9.2 8.0 9.0 
Pollack liver oil *3 5.0 6.0 7.0 8.0 7.0 
Mineral m ixture 牢2 2.8 2.8 2.8 2.8 2.8 
Vitamin mixture *2 4.2 4.2 4.2 4.2 4.2 
c.o 
Amino acid supplement *4 斗 。 1.4 2.8 4.0 。
Proximate analysis (%) 
Moisture 2.2 2.8 2.9 3.5 2.4 
Crude protein 52.5 55.3 54.5 54.8 55.7 
Crude lipid 7.1 7.9 8.4 8.5 8.8 
Crude ash 19.6 15.8 12.9 9.9 13.6 
本 1 Substitution level of corngluten meal for white fish meal protein in diet 1. 
本2Nippon Formula Feed Mfg. CO.， Ltd. 
*3 Riken Vitam in CO.， Ltd. (Feed oil (1). 
*4 To 100g of each diet， 0.4g of arginine-HCI (Arg)， 0.9g of Iysine-HCI (Lys)， and 0.1g of L-tryptophan 
(Trp) were added to diet 2， 0.8g of Arg， 1.8g of Lys， and 0.2g of Trp were added to diet 3、1.2g of 
Arg， 2.6g of Lys， and 0.2g of Trp were added to diet 4. 
Table 38. Growth data * 1of Japanese flounder fed diets containing different levels of corngluten meal for 8 weeks 
Diet Replacement Average body weight (g) Weight gain A*3 PER*3 DFC窓3 SUNival 
~ド2 Initial Final (% ) (%) 。 8.3 33.3 a刈 299 a 130 a 2.4 a 1.9 98 
c.o 2 20 8.4 35.4 a 321 a 131 a 2.3 a 2.0 100 
αコ
3 40 8.4 34.1 a 305 a 128 a 2.3 a 2.0 100 
4 60 8.5 26.8 n 217 b 109 b 1 .9 b 2.0 100 
5 40 8.2 27.1 b 231 b 115 b 2.0 b 1 .9 100 
* 1Data represent average value 01 tnplicate for each dietary group. 
線 2See the footnote 01 Table 37. 
*3 See the footnote 01 Table 2. 
CD 
CD 
Table 39. Proximate composition *1 of whole body of Japanese flounder fed diets containing different levels of corngluten 
meal fo r 8 weeks (%) 
Diet Replacement (%)叫 Moisture Crude protein Crude lipid Crude ash 。 74.6+0.4 a*3 16.5+0.3 ab 3.0士0.3b 3.7::!:O.1 a 
2 20 74.5士0.4a 17.1::!:O.4a 3.2士0.2b 3.6+0.1 a 
3 40 74.8土0.8a 16.3土0.7ab 3.5之0.3ab 3.7+0.2 a 
4 60 74.9::!:O.3a 16.3士0.3b 3.8士0.3a 3.7::!:O.3d 
5 40 73.7士1.3a 16.5士1.1出 3.9士0.7ab 3.8士0.0a 
判 Datarepresent means and standard deviations for 5 fish. 
*2 See the footnote of Table 37. 
平3See the footnote of Table 2. 
.ー 。。
Table 40. Hematologlcal charactenstlcs and contents 01 some plasma constituent ・1In Japanese flounder fed dlels contalnlng d Ifferent levels 01 corngluten meal lor 8 weeks 
Diet Replacement Hemoglobin Hematocrit 
(%)吋 (gハOOml) (%) 
。 4.8す0.4・・3 27.5ヰ0.8t 
2 20 5 7土0.4• 36.6土2.6・
3 40 4.5士0.4・ 30.4土6.7・b
4 60 3.7 :!:0.6・ 19.8土2.9c 
5 40 1.7:!:0.1' 24 4 :t2.2 .
• 1 Data represent means and standard dev'ations for 5 flsh 
・2See the loolnole 01 Table 37 
・3See the 100lnOle 01 Table 2 
Red blood cell Protein 





29.:!:0.1 t 4 1士o2・
Triglyceride Glucose Phosphate Calcium Chlortde 
(mg/100ml) (mg/100ml) (mgJ100ml) (mg/100ml) (mEq/l) 
200土65• 252:t1.9b 79 :!0.7・ 10白1:!:O 6・ 130.4土3.6帥
269土49・ 24 5土13 b 8.2 :t0.4・ 10 5士o3・ 135.0土3.7・b
404土94帥 317:!:72拍 7.3土11・ 107土o2・ 130 7土4.4・
383 +38・ 36.2土4.7・ 8.4士0.5・ 98エ1.0・ 134.9:t0 1・



































































































から PFMの利用性は 恥似よりも劣ることが示唆された。また、ル削 およびPFMの
配合本を変化させた飼料5"'7における PFM含むの増加に伴う飼育成績の低下から
も同様なことが考えられる。 BMを配合した飼料4"'7では、対照区に比べAPDが









と飼料4の魚粉と BMの配合比の関係から、 8MのAPDおよび DCPを求めるとそ
れぞれ77および74%となる。但し、同様の計算により飼料2から長仏fのAPDを求




































および PER は対照区に比べ、それぞれ約 60、 35、 15%梓~1二{口11J，ヒラメ稚魚用飼
料の至適CP合長の高さが再確認された。今のところ魚粉よりも安価でカゼインの





Table 41. Composition of 8 experimental diets containlng vanous alternative protem sources 
Diet 2 3 4 5 6 7 8 *5 
Ingredient (%) 
Brown fish meal 83 50 50 50 50 50 50 82匝6
Meat meal 33 18 13 9 
Poultry feather meal 31 9 13 18 
Blood meal*' 28 5 5 5 
Potato starch 8 8 8 9 8 9 8 7 
Polack liver oil *2 3 3 5 7 4 4 4 5 
Mineral m ixture刈
Vitamin mixture *3 2.7 6 6 6 6 6 6 6 
』ー
Cコ
Chromic oxide 0.5 
αコ N utrient content (% on dry m atter basis) 
Crude protein 57.6 59.9 61.6 62.1 61.3 61.0 62.0 66.7 
Crude lipid 14.2 16.1 15.0 14.1 14.6 13.8 14.0 13.0 
Crude ash 16.5 13.1 11.6 11.8 12.7 12.2 12.4 11.8 
GE*4 500 517 529 527 520 520 520 527 
DE*4 394 403 399 349 351 330 363 502 
GE/CP'"4 87 86 86 85 85 85 84 79 
DE/DCP判 80 77 75 71 70 70 71 78 
*' American Protein Corporallon.. Ltd. (AP301). 
本2Riken Vitamm CO.， Ltd. (Feed 01 0) 
本3Nippon Formula Fced MIg・Co..Ltd. 
守4See the lootnote 01 Table 10. 
同 Sameas dlet 2 InTable 16 
"6 Brown lish meal caS8In-7. 3 
Table 42. Nutrient contents of ingredients used for the experimental diets 
N utrient content Ingredients 
(% on dry m atter basis) Brown fish meal Meat meal Poultry feather meal 8100d meal 
』・ Crude protein 68.8 。 73.0 87.6 95.7 
C.D 
Crude lipid 13.9 16.2 8.4 1.2 
Crude ash 17.3 7.0 2.6 2.7 
Phosphorus 3.3 1 .0 0.3 0.2 
Energy (kcal/1 00 g) 515 565 578 559 
Table 43. Essential amino acid composition in the blood meal本






トー Isoleucine 0.6 
ト4
o Methionine 0.8 
Valine 9.2 
Threonine 3.6 
Tryptophan 1 .2 
*Data reported by American Protein Corporation.Ames，Iowa，U.S.A. 
Table 44. Essential amtno acid compositlon of the experimental diets 
Diet 
2 3 4 5 6 7 8 
Essential amino acid (g/1 00 9 d iet) 
Arginine 4.44 4.80 4.93 3.80 4.69 4.66 4.77 3.90 
Lysine 6.33 5.49 4.62 6.34 5.41 5.26 5.19 6.20 
Histidine 2.41 2.09 1.72 3.55 2.25 2.19 2.15 2.35 




Leucine 5.85 5.42 6.27 7.28 6.03 6.09 6.30 6.17 
Isoleuclne 3.24 2.88 3.56 2.12 2.95 3.02 3.17 3.47 
Methlonlne 2.18 1.77 1.50 1.54 1.66 1.62 1.59 2.19 
Vahne 4.08 3.88 4.75 5.03 4.36 4.44 4.64 4.35 
Threonine 3.31 3 01 3.54 3 00 3.18 3 22 3.35 3.56 
Tryptophan 0.85 0.73 0.69 0.85 0.74 0.73 0.74 0.88 
Table 45. Relative values of essential amino acids in the experimental diets to those in diet 1 
Diet 
2 3 4 5 6 7 8 
Essential amino acid 
(g/1 OOg diet to g/1 OOg diet1) 
Arginine 1.00 1 .08 1 . 1 1 0.85 1.06 1.05 1.07 0.88 
Lysine 1.00 0.87 0.73 1.00 0.85 0.83 0.82 0.98 
Histidine 1.00 0.87 0.71 1 .47 0.93 0.91 0.89 0.97 
トー‘ Phenylalanine 1.00 0.94 1.07 1.23 1.04 1.04 1.08 1.06 トー
N 
Leucine 1.00 0.93 1.07 1.24 1.03 1.04 1.08 1.06 
Isoleuclne 1.00 0.89 1 .1 0 0.65 0.91 0.93 0.98 1.07 
Methionrne 1.00 0.81 0.69 0.71 0.76 0.74 0.73 1.00 
Valine 1.00 0.95 1 .17 1.23 1.07 1.09 1 1 4 1.07 
Threonrne 1.00 o 91 1.07 0.91 0.96 0.97 1.01 1.08 
Tryptophan 1.00 0.85 0.81 1.00 0.87 o 86 0.86 1.03 
Table 46. Growth data判 ofJapanese flounder fed diets with various alternative protein sources for 
8 weeks 
Diet Average body weight (g) Weight gain FE本2 PB守*2 DFC牢2 Survival 
Initial Final (%) (% ) 
5.6 34.2 b*2 511 b 138 b 2.5 b 2.2 100 
2 5.6 35.1 b 524 b 138 b 2.4 b 2.2 98 
3 5.6 24.7 c 340 c 111 c 1 .9 c 2.4 100 
ト・4 4 5.6 22.6 cd 304 cd 11 0 c 1 .9 cd 2.3 100 ド.. 
E心
5 5.6 23.4 c 320 c 104 d 1 .8 de 2.5 100 
6 5.6 19.2 d 239 d 93 e 1.6 e 2.4 98 
7 5.6 18.6 d 231 d 90 e 1 .5 e 2.5 100 
8 5.6 51 .1 a 807 a 186 a 2.9 a 1.8 100 
ホ1Data represent average value of duplicate for each dietary group. 
定2See the footnote of Table 2. 
Table 47. Proximate composition牢1of the whole body of Japanese flounder fed diets 
w ith various alternative protein sources fo r 8 weeks (%) 
Diet Moisture Crude protein Crude lipid Crude ash 
Initial 78.2 15.6 2.5 3.4 
76.1 c本2 16.9 ab 3.2 ab 3.6 bc 
ヤ・企 2 75.5 d 16.9 ab 3.9 a 3.5 cd 
ドー
.;:. 3 77.4 b 16.5 bc 2.6 b 3.5 cd 
4 77.7 b 16.7 b 2.3 bc 3.5 cd 
5 77.7 b 16.5 bc 2.0 c 3.7 ab 
6 78.4 a 16.0 c 2.1 c 3.8 ab 
7 78.4 a 16.0 c 1 .7 c 3.9 a 
8 74.5 e 17.3 a 4.0 a 3.4 d 
*1 Data represent means of two pooled samples (5 fish/sample) from each dietary group. 




Table 48. Retention of protein and energy in Japanese flounder 
fed diets with various alternative protein sources for 8 weeks 
Diet no. Retention (%)判
Protein Energy 
50.0 b*2 44.8 b 
2 46.8 c 46.6 b 
3 36.5 e 33.2 c 
4 39.6 d 35.1 c 
5 36.3 e 28.2 d 
6 33.4 f 22.8 e 
7 29.5 g 22.5 e 
8 52.8 a 53.2 a 
ホ1See the footnote of Table 13. 




Table 49. Hematological characteristics and contents of some plasma constituents削InJapanese flounder fed diets with various alternative proteln sources 
for 8 weeks 
Diet Hemoglobin Hematocnt Red blood cell Protein Triglyceride Glucose Phosphate Calcium Chlorlde 
lsハOOml) ~ (X109/ml) (gハOOmり (mg/100ml) (mg/l00ml) (mg/l00ml) (mg/100ml) (mEq/l) 
4.3i:0.3曲川 25.3士2.9a 2.8土0.3b 3.8土0.5bc 212土 87 帥 27.5土 4.2a 8.0 :t0.8 ab 10.7:t0.5 a 128.3土2.3 b 
2 4.9 i:0.7拍 303土43 a 2.9 :t0.6 ab 3.9土0.4ab 378土 87 d 36，3土 9.1a 8，6土0.7a 10.7土0.3a 138.8土5.9・
3 4.0土0.6帥 243土30・ 2，9土0.3b 3 8 :t0.3 abc 314:t137 ab 34，2:t120帥 6.9土0.8oc 10.4土0，3b 128.8土2.60 
4 4.0士0.83b 235土48 a 2.9 :t0.6 ab 3.4エ0.3c 205土 77 拍 27.0土 4.4副 6.2 :t0.8 c 10.2:t0.10 131 5土4.8 曲
5 4.6i:0.5由 25 5 i:2 6 a 33土0.1 • 3，6土0.1bc 224土 66b 220土 0.70 7 7土1.0atlc 10.6ヱ0.3b 130.8土3.1 曲
6 3.7 :t0.6 b 236土36 a 25土0，5 0 3.3-::0.5 bc 297:t197曲 19 6:t 3.1 0 78土0.4帥 10.1土0.6b 131.8土3.2凶
7 4.5i:0.4 .b 286土26・ 3 2土0.3a 3.2土0.5c 162-:: 44 b 24 7:t 6.5曲 8.1土0.7ab 10.0土0.4b 1320土30帥
8 5.1i:0.73 28.4土34・ 3 1土0.6曲 4.5士0.4a 198:: 13 b 283土 43拍 8 1土o2 a 11.4土0.5a 133 3土22・
判 Datarepresent means and standard devlallons for 5 flsh 
H See the foolnote 01 Table 2. 
Table 50. Apparent digestibility of nutrients and the ratio of digestible energy to 
protein in Japanese flounder fed diets with various alternative protein sources. 
Diet Apparent d igestibility (%) DCp*l DE本1 DE/DCP牢1
Protein Energy 
85.4 78.8 49 394 80 
2 87.6 77.9 53 403 77 
ド.. 3 86.4 75.4 53 399 75 ド.. 
『斗
4 79.7 66.2 50 349 71 
5 81.6 79.7 50 351 70 
6 77.1 81.6 47 330 70 
7 82.3 77.1 51 363 71 
8牢2 96.6 82.3 64 502 78 
本 1See the footnote of Table 10. 




2 (FM50， MM33) 
1 (FM83) 
3 (FM50， PFM31) 
5 (FM50， MM18， PFM9， BM5) 
4 (FM50， BM28) 
6 (FM50， MM13， PFM13， BM5) 
7 (FM50， MM9， PFM18， BM5) 
50 
40 









Rearing period (week) 
Fig. 12. Growth curves of Japanese flounder fed diets with 
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